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Introduction
Remnants of the Tethys Ocean in North Makran (Figure 1 ) are part of the southeastern Iranian segment of the Alpine-Himalayan orogeny [e.g., Şengör, 1990; McCall, 1997] . The temporal concept of the magmatic and geodynamic evolution of North Makran has been the subject of few works [e.g., McCall, 1997] compared to the sedimentary and tectonic evolution of the inland Makran accretionary wedge [Carter et al., 2010; Haghipour et al., 2012; Burg et al., 2013; Ruh et al., 2013] . Hence, most age constraints are based on microfossils, which dominantly yielded Early to Late Cretaceous ages [Arshadi-Khamseh, 1982; McCall et al., 1985; Dolati, 2010] . A sequence of intermediate to felsic intrusions, unconformably covered by basaltic to trachyandesitic lava and pelagic sediments, has been interpreted as the most differentiated lithology of the North Makran Ophiolites [Berberian and King, 1981; McCall and Kidd, 1982; McCall, 2002; Shahabpour, 2010] . These rocks, however, show similarities to granite intrusions described in a narrow sliver of continental crust, the Dur Kan Complex (Figure 2 ) and its northwestward continuation, the Sanandaj-Sirjan Zone (Figure 1 ) [McCall et al., 1985] .
Intermediate to felsic rocks in the Sanandaj-Sirjan Zone have been ascribed to a magmatic arc produced on the Eurasian continent above the subduction of the Tethys oceanic lithosphere [e.g., Berberian and King, 1981; Agard et al., 2005; Khalaji et al., 2007; Mazhari et al., 2009] . Some authors [e.g., Stampfli and Borel, 2002; Ahmadi-Khalaji et al., 2007; Shahbazi et al., 2010; Ahadnejad et al., 2011; Esna-Ashari et al., 2012] ascribed the calc-alkaline to tholeiitic Sanandaj-Sirjan Zone granitoids with Jurassic ages (187-144 Ma) as evidence for an already active subduction, although plate tectonic reconstructions based on paleomagnetic data ascertain that the Tethys Ocean was still opening, Pangea was still breaking up, and the Paleotethys, to the north, was still closing at that time [e.g., Savostin et al., 1986; Westphal et al., 1986; Ricou, 1994; Scotese, 2004] . Magmatic activity actually increased in the Late Cretaceous (<80 Ma), but it is associated to both the Sanandaj-Sirjan Zone and the Urumieh-Dokhtar magmatic arc (Figure 1 ) [e.g., Farhoudi and Karig, 1977; Berberian and King, 1981; Alavi, 1996; Omrani et al., 2008] . Most authors agree that subduction in the Makran area was initiated HUNZIKER ET AL. ©2015 . American Geophysical Union. All Rights Reserved.
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• Table S1 • Table S2 • Table S3 • Table S4 Figure 1. Tectonic units of Iran with Tethys-related ophiolite complexes (black) and Jurassic granitoids (stars). Aligoodarz granitoids after Esna-Ashari et al. [2012] ; Alvand plutonic complex after Shahbazi et al. [2010] ; Boroujerd granitoids after Ahmadi- Khalaji et al. [2007] ; Inner Zagros granitoids after Omrani et al. [2008] ; Malayer granitoids after Aghazadeh et al. [2010] ; Suffi Abad granitoids after Azizi et al. [2011] ; Klateh Ahari, Shah Kuh, and Surkh Kuh granitoids after Karimpour et al. [2011] ; Qori Complex after Fazlnia et al. [2009] ; and Shir Kuh from Esmaeily et al. [2005] . Rectangle = study area, Figure 2 . The spelling of Persian names is taken from published reports of the Geological Survey of Iran. only in Late Cretaceous times [Berberian and King, 1981; Desmons and Beccaluva, 1983; Babaie et al., 2001] . This study of North Makran granitoids reopens the discussion on whether subduction in Makran was initiated earlier than assumed or if Jurassic magmatism along the southern Eurasian margin developed in a different geotectonic setting. The~80 Ma age gap between the reportedly subduction-related Jurassic granitoids in the Sanandaj-Sirjan Zone and the earliest reported Late Cretaceous magmatism in the Urumieh-Dokhtar volcanic arc questions the geotectonic affinity of the Sanandaj-Sirjan Zone and North Makran within the frame of the Tethys history.
This study was carried out to specify the origin of the North Makran intermediate to felsic rocks and identify the geodynamic affiliation and temporal relation with neighboring Tethyan suture zones. Field and geochemical investigations indicate a strong continental contribution in the oldest granite magma source and an increasingly mantle-derived source for the younger granitoids. In contrast, the overlying alkaline volcanic rocks have a strong mantle affinity and do not show any significant crustal contribution. Petrological and geochemical characterizations of the granitoids point to calc-alkaline and alkaline to low-K tholeiitic magmatism into a continental crust. The increasing mantle influence in the magma source is explained by thinning of the continental lithosphere and related mantle upwelling. This extensional event may have led to the formation of the North Makran Ophiolites (Figure 2 ) in a hitherto unrecognized marginal basin.
Geological Setting
North Makran
The Makran region exposes the east-west trending emerged portion of the accretionary wedge built above the still active north dipping subduction, whose current trench is in the Oman Sea farther south [e.g., McCall and Kidd, 1982; Dercourt et al., 1986; Bayer et al., 2006; Vigny et al., 2006; Burg et al., 2013] . North Makran is bordered by the Jaz Murian depression to the north. To the south, the Bashakerd Thrust places North Makran over the Eocene turbidites and lavas of Inner Makran (Figure 2 ) [Dolati, 2010; Burg et al., 2013] . North Makran exposes ophiolites, "colored mélanges," Cretaceous volcanic units, and Cretaceous to present-day sedimentary sequences [e.g., Eftekhar-Nezhad et al., 1979; McCall et al., 1985; McCall, 2002] . The ophiolites were interpreted as pieces of Tethys oceanic lithosphere now accreted to the Gondwana-derived Central Iran microcontinent ( Figure 1 ) [McCall et al., 1985; Ricou, 1994; Şengör, 1990] . They are unconformably covered by Late Cretaceous lavas, volcanoclastic turbidites, and shallow water limestone.
At variance with previous studies [e.g., McCall et al., 1985; McCall, 2002] , we assigned the intermediate to felsic rocks to the Dur Kan Complex rather than to the North Makran Ophiolites, because the Abnama Fault ( Figure 2 ) separates these granitoids from the ophiolitic rocks, and no primary contact was found. The north dipping Abnama thrust fault carried the North Makran Ophiolites southwestward (Figure 3 ) on the Dur Kan Complex, which is an assemblage of plutonic bodies covered by Cretaceous lava and shallow and deep marine Permian to Cretaceous sediments ( Figure 2 ) [McCall et al., 1985] . The Dur Kan Complex has been interpreted as an~250 km long and <40 km wide slice of continental crust that separates the ophiolites from the turbiditic to neritic sediments accumulated in a mobile trench to the south [Berberian and King, 1981; McCall and Kidd, 1982; McCall, 1997] . Satellite images and field observations were used to define the Dur Kan Complex as the southeastern continuation of the Sanandaj-Sirjan Zone [Berberian and King, 1981; McCall and Kidd, 1982; McCall et al., 1985; Şengör, 1990; McCall, 1997; Dilek et al., 1999; McCall, 2002; Agard et al., 2005] .
Study Area
The study area covers an~200 km long and up to 20 km wide band of the nearly east-west trending northern Dur Kan Complex (Figure 2 ), where most granitoids occur. The WNW-ESE striking Dar Anar Thrust separates the northern from the southern Dur Kan Complex down to Fannuj Township, where a marked structural bend links the eastern and western domains (Figure 2 ). To the east of Fannuj, trondhjemites form a several hundred meters long and wide body, which is unconformably covered by lava (Figure 4a ) so that trondhjemite is also found in valleys incised deep enough to reach below the base of lava flows. Other trondhjemite outcrops are mostly fragmented and constitute enclaves of several meters to tens of meter size in lavas (Figure 4b ).
Most of the intermediate to felsic plutonic rocks are located to the west of Fannuj, to the south of the Abnama Fault between Remeshk and Kotij (Figure 2 ), where trondhjemite, diorite, plagiogranite, and granite bodies (greater than tens of square kilometers) are intruded by east-west striking diabase dikes. Granites, typically with porphyric texture and pink orange weathering color, crop out as variously sized bodies (tens to hundreds of meters) between Remeshk and Mokhtaramabad (Figures 2 and 4c) . They intruded into a light gray, thickly bedded recrystallized limestone and shales ( Figure 4d ). The shallow water fauna ascribes these limestones to Jurassic shelf deposits [McCall et al., 1985] . Granite at the limestonegranite contact often has a fine-grained texture interpreted as chilled margin.
The two main granitoid outcrops are a west-east elongated, 30 km long and 2 km wide diorite body along the northern border of the Dur Kan Complex and a 30 km × 3 km trondhjemite body to the south of the diorite (Figure 4e ). Decimeter-to meter-thick trondhjemite dikes and millimeter-to centimeter-thick plagioclase veins within the southern border of the diorite body demonstrate intrusion of trondhjemite into diorite (Figure 4f ). In some places, trondhjemite/diorite contacts are burgeoning, which along with the absence of a chilled margin, suggests that diorite was incompletely crystallized when trondhjemite intruded (Figure 4g ). Plagiogranite occurs on top of the granitoid intrusions or as dikes cutting them. All granitoids are in turn covered by diabase and lava and, in some places, cut by meter-thick diabase dikes (Figure 4h ). These dikes swarm out from a main diabase body about 15 km west of Kotij ( Figure 2 ) and cut all types of granitoids. Diabase, also covered unconformably by doleritic lava flows, is mostly restricted to the area around Kotij. The conformably covering doleritic lavas are related to the diabase because they show a gradual contact, similar textures, and phenocrysts. In some places, brown to red basaltic pillow lavas and nonpillowed flows unconformably cover diabase along a strongly altered zone, interpreted as paleosurface. The angular relationship (~20°) between magmatic foliation in diabase and "bedding" of pillow lava, which are interlayered with Valanginian sediments [McCall et al., 1985] , marks the unconformity, which further indicates that diabase and associated doleritic lavas were exposed on the seafloor when pillow lavas erupted. These structural relationships indicate that granites constitute the oldest igneous rocks and were successively intruded by a suite of diorite, trondhjemite, and plagiogranite followed by diabase. Unconformable lavas and sediments bound their age as older than 139 Ma. All lavas described in this study are part of the Valanginian sequence.
Petrography
The diorite, trondhjemite, plagiogranite, granite [Streckeisen, 1976] , diabase, and lava have been studied under the optical microscope to define mineralogy, textural relationships, and to choose representative samples (locations in Figure 2 and Appendix Table S1 in the supporting information) for geochemical analysis. ©2015. American Geophysical Union. All Rights Reserved.
Granite
Granite is holocrystalline and has locally a foliated porphyric texture. Euhedral to subhedral K-feldspar phanerocrysts (<3 mm; Figure 4c ) with straight grain boundaries and braided lamellae with perthitic texture (Figure 5a ) constitute~40% of the rock. The fine-grained matrix (<0.1 mm) is mostly composed of plagioclase (~35%) and quartz (~20%). Biotite (~3%), accessory phase accessories, mostly ilmenite and hematite, forms the rest of the rock. Intergrown quartz and feldspar display granophyric and micrographic textures. These features characterize eutectic crystallization of quartz and plagioclase from a high silica melt. Such textures are associated with relatively rapid cooling of silicate liquid [Dunham, 1965] as it is often found in A-type granites intruding colder crust in a continental rift environment [Coleman et al., 1992] . Biotite, often altered to chlorite, occurs in aggregates. Epidote is secondary, replacing feldspar and mica. Calcite veins are late brittle fractures.
Diorite
Diorite is holocrystalline and mostly equigranular with grain size between 0.5 mm and 1 mm. The white weathering color is due to abundant plagioclase (~70%), which shows straight or pinched out polysynthetic twinning in thin sections. Hornblende, the second most abundant mineral (~15% of the rock volume), occurs as green to brown green crystals. Quartz and K-feldspar generally occur in equal proportions (~5%). Ilmenite is the main accessory mineral (~3%) and is often associated with hornblende. Diorite has a granular texture with interdigitating grain boundaries between feldspar, quartz, and hornblende ( Figure 5b ). Most crystals are anhedral and display consertal intergrowth textures. Modal variations of plagioclase and quartz (0-10%), associated with variable plagioclase anorthite content, classify these rocks from diorite to quartz diorite. Some diorites show sericitization and albitization of plagioclase ( Figure 5b ).
Trondhjemite
Trondhjemite is holocrystalline with a porphyric texture composed of plagioclase phanerocrysts (<3 mm) surrounded by a finer-grained matrix of plagioclase, minor K-feldspar (~0.5 mm), and quartz (~0.2 mm). Plagioclase makes~90% of the rock; other minerals are 3-5% of each K-feldspar and quartz and accessories such as ilmenite and hematite. Plagioclase phanerocrysts are subhedral and show polysynthetic twinning. Plagioclase, K-feldspar, and quartz in the matrix are anhedral. Grain boundaries are irregular and exhibit consertal intergrowth textures ( Figure 5c ). Finer-grained quartz occupies interstitial spaces between feldspars and often shows undulose extinction. Trondhjemite enclaves in lava contain epidote, tremolite, and albite as alteration products (Figure 4a ).
Plagiogranite
Plagiogranites look like trondhjemites in the field and differ mainly in being richer in quartz and K-feldspar. Plagiogranite is holocrystalline, porphyric with plagioclase phanerocrysts (~2 mm) within a finer matrix of feldspars and quartz. The main rock-forming minerals are plagioclase (~75%), quartz (~10%), and K-feldspar (~10%). Accessory minerals are ilmenite and hematite. Plagioclase phanerocrysts are mostly subhedral and often show polysynthetic twinning. The matrix grains are anhedral with interdigitating grain boundaries defining a consertal intergrowth texture ( Figure 5d ). Quartz grains are rounded, interstitial with undulose extinction. Plagioclase is altered to epidote, prehnite, and albitized along contacts.
Diabase
Diabase is holocrystalline and contains plagioclase phenocrysts (<5 mm) near granitoids and in the dikes and otherwise has a typical fine-grained subvolcanic texture. Diabase consists of a framework (~50%) of lath-shaped plagioclase crystals (<3 mm long) with interstitial subhedral clinopyroxene (35%) and amphiboles (5%) with straight grain boundaries. Plagioclase phenocrysts with polysynthetic twinning are euhedral and have a more albitic rim with no straight grain boundary toward the matrix ( Figure 5e ). Plagioclase was the first phase crystallized. Ilmenite and magnetite are the main accessory minerals (~10%). They often are intergrown with amphibole and pyroxene in a skeletal texture. Diabase is usually well preserved, but in some places, epidote and occasionally chlorite replace plagioclase, and tremolite or actinolite replace clinopyroxene. Green to green brown hornblende and plagioclase are the main components of the dikes, while K-feldspar and minor amounts of clinopyroxene occur within the matrix. Doleritic lavas correspond to diabase but are slightly finer grained.
Lavas
Lavas have variable grain sizes and textures and are variably altered. The most common type, which has been attributed to Valanginian sediments, is dark brown to black, fine grained, and hypocrystalline. Lath-shaped (<0.5 mm long) plagioclase is the main rock-forming mineral (~60%). Some lavas are porphyric with larger plagioclase phenocrysts (<1 cm) in a fine red groundmass of mostly plagioclase, magnetite, clinopyroxene, glass, and larger olivine crystals (~2 mm; Figure 5g ). Plagioclase phenocrysts are euhedral, whereas matrix plagioclase is fibrous, often in radial clusters. Grains of altered olivine reach up to 0.5 mm in size ( Figure 5f ). Clinopyroxene grains <0.5 mm are interstitial between plagioclase. The groundmass is cryptocrystalline and often devitrified dark brown glass. Magnetite is the main accessory mineral, commonly symplectitic with clinopyroxene. Vesicular pillow lavas at the upper lava levels are very fine grained and mostly consist of needle-like plagioclase, frequently in radial clusters, in the matrix of devitrified dark brown glass (Figure 5h ). Clusters of clinopyroxene, amphibole, and glass reach~1 mm within the matrix. Smaller grains (~0.1 mm) of clinopyroxene and green altered olivine are parts of the matrix. Vesicles are filled with calcite. The vesicular pillow lavas are often altered with epidote and chlorite-replacing plagioclase and tremolite-replacing clinopyroxene.
Geochronology
The zircon morphology, size, and crystallization ages of the analyzed samples are listed in Table 1 . The methods and detailed description of zircon populations are given in Appendices Texts S1 and S2 in the supporting information, respectively.
Granites
We identified one magmatic generation of zircons in both granite samples with well-confined concordant ages ( Figure 6 ). We therefore contend that these 176.0 ± 0.96 Ma and 170.0 ± 1.0 Ma concordant ages represent crystallization ages.
Diorites
All diorite samples have a dominant zircon population that yields concordant or intercept ages between 160.3 ± 0.8 Ma and 165.6 ± 1.7 Ma (Figure 7 ). These ages represent the youngest zircons in two samples (Figures 7d and 7g ) and were thus interpreted as crystallization ages. All samples contain older grains and cores (170-188 Ma) coinciding with zircon ages obtained in the granites. These old fractions are interpreted as assimilated grains, xenocrysts, and inherited cores. The few young ages (148-153 Ma) observed only in diorite Mak-11-47 were obtained from bright blurry patches/growth zones or rims. This sample was taken near trondhjemite and plagiogranite intrusions, which are cut by diabase dikes. Blurry contacts, thin plagioclase veins in the rock, sericitization, and albitization of plagioclase indicate hydrothermal alteration. The interpretation of these younger ages will be discussed in section 4.6.
Trondhjemites
All trondhjemite samples have a dominant zircon generation with concordant ages between 158.7 ± 1.3 Ma and 160.5 ± 1.4 Ma (Figure 8 ). Since they represent the generally most abundant and youngest zircons in two of the three samples, these concordant ages were interpreted as crystallization ages. Older cores and few grains yielded ages from 163 to 186 Ma, which are consistent with crystallization ages of diorites and granites. These zircons are thus interpreted as assimilated grains and inherited cores. The 144-156 Ma ages in sample Mak-09-263, a few meters long trondhjemite enclave in Valanginian lava [Dolati, 2010] , are similar to those found in diorite sample Mak-11-47 and will also be discussed in section 4.6.
Plagiogranites
Plagiogranite samples show multiple zircon age groups ( Figure 9 ). The intercept age 156.5 ± 1.7 Ma of Mak-10-38 is considered to be the crystallization age (Figure 9a ). The youngest 141 ± 1.5 Ma age (Figure 9b , zircon 6.1) was measured in a zircon core, whereas the rim yields an age of 166.9 ± 6.2 Ma (Figure 9b , zircon 6.2). This suggests that the ages off the intercept line likely feature lead loss. Sample Mak-10-45 is more complex regarding zircon morphology and age distribution (Figure 9c ). There is an obvious correlation between zircon's age and their width/length ratio. Zircons with small shape ratios (e.g., Figure 9d ; Mak-10-45_2, 7, 9), usually attributed to rapid cooling and fast crystallization, have ages <153 Ma. We interpreted the intercept at 153.4 ± 2.2 Ma to be the intrusion age because it is measured in a core of a small thin zircon (Figure 9d ; Mak-10-45_7.2) and in outer zones of bigger grains with core ages of~160 Ma (Figure 9d ; Mak-10-45_3.1). The older ages represent zircons inherited from diorite and trondhjemite. These inherited grains have a bigger width/length ratio, which suggests a slower crystallization environment than the younger zircons. The two youngest intercept ages of 145.4 ± 1.8 Ma and 137.6 ± 2.5 Ma (Figure 9c ) will be addressed in section 4.6.
Age Constraints for Diabase and Lava
No zircon was found in crushed samples of diabase and lavas of the Dur Kan Complex. Supporting explanation for these young ages not being crystallization ages is gained from linking field observation and zircon morphology. All samples with young ages were taken near the contact to diabase intrusions or doleritic lava flows, which are as old as or older than the overlying Valanginian (140-133 Ma) [McCall et al., 1985] sequence. Concordant ages and peaks of young zircons peak around 145 Ma, which could well represent the age of diabase and doleritic lavas. These magmatic rocks are widespread, thus represent an extensive event that may be responsible for lead loss and even zircon recrystallization close to the contact with hot magma. Since there is no other magmatic or deformation event in the region within that time frame, we suggest that diabase intrusion and effusion of doleritic lava are responsible for the zircon recrystallization and lead loss at~145 Ma.
Geochemistry
Twenty-two representative samples, including 2 granites, 7 diorites, 3 trondhjemites, 2 plagiogranites, 2 diabases, and 2 lavas, were used to discuss major, minor, and trace element geochemistry.
Results are given in Appendix Table S4 in the (Table 2 ). The methods used for bulk element and isotope analysis are described in Appendix Text S1 in the supporting information.
Granite
The (Figure 12a ) with ε Nd(i) from À4.1 to À0.7.
Diorite
Diorites have SiO 2 contents between 46 and 50 wt % except for sample Mak-11-18 which has~60 wt % (Figure 10 ). There is a positive correlation between TiO 2 , Fe 2 O 3 , and CaO with SiO 2 . Diorites have X Mg between 0.43 and 0.52, again with the exception of Mak-11-18, which has X Mg~0 .24. Diorites have about 4-10 times chondrite REE concentrations, a concave REE pattern with a slightly positive LREE slope and negative MREE to HREE segment. N-mid-ocean ridge basalt (MORB)-normalized spider diagrams (Figure 11b) show a varying LILE section and Nb-Ta depletion. Eu, Pb, Sr, and Ti show positive anomalies. Diorites are quite uniform, except sample Mak-11-18, which has a convex REE pattern. This sample is quartz rich and close to syenite in composition. Diorite samples show a narrow range in isotopic compositions (Figure 12a) (6)) (1.8 < ε Nd(i) < 2.2).
Trondhjemite
Trondhjemites ©2015. American Geophysical Union. All Rights Reserved.
Plagiogranite
Plagiogranites contain more SiO 2 (>70 wt %) than trondhjemites, but both follow the same linear trend in variation diagrams (Figure 10 ). The two analyzed plagiogranite samples have very low TiO 2 values (~0.07 wt %) and X Mg below 0.23, 1-10 times chondrite compositions, and thus lower trace element concentrations than the other granitoids. LREE are enriched with respect to MREE and HREE (Figure 11a ). Both LREE and MREE have a negative slope, while the HREE section is mostly flat. Strongly positive Eu and Sr anomalies reflect plagioclase accumulation. Positive Pb and Ti and negative Nb-Ta anomalies are similar yet more pronounced than in the other rocks (Figure 11b ). The Nd (i) ranges between 0.512543(7) and 0.512568(23) (Figure 12a ), so that ε Nd(i) lies between 2.1 and 2.5.
Diabase and Lavas
Diabase and lava have basalt to trachyandesite compositions ( Figure 13a ) and belong to an alkaline series with Na 2 O + K 2 O ranging from 4.1 to 8.2 wt %. These rocks have a higher TiO 2 content than all previously described samples (Figure 10a ) and Al 2 O 3 around 15 wt % (Figure 10b ). Their X Mg ranges from 0.21 to 0.51, indicating that they do not represent primitive mantle melts (Figure 10e ) but differentiated products. Diabases have 30-60 times chondrite REE concentrations with a generally flat pattern (Figure 11c ). Weak negative Eu and Sr anomalies indicate plagioclase fractionation in the parental magma prior to the formation of sample Mak-10-44, which also shows high LILE and negative Nb, Ta, and Ti anomalies (Figure 11d) . Diabase from the main body shows no LILE enrichment and has a positive Ti anomaly.
Lavas have a weakly negative REE section with 10-180 times chondrite concentration (Figure 11c anomalies (Figure 11d ). Sample Mak-11-36 differs from the others by containing plagioclase phenocrysts in the matrix, which results in major element compositions similar to that of diabase dike Mak-10-44. It has an enriched LILE section and no Ti anomaly. The 143 Nd/ 144 Nd (i) of diabase and lava lie between 0.512768(9) and 0.512802(4) (6.1 < ε Nd(i) < 6.7; Figure 12a ), with the exception of Mak-10-100 that show an ε Nd(i) of 5.4.
Discussion
The North Makran granitoids comprise minor calc-alkaline plutons and a more abundant intermediate dioritetrondhjemite-plagiogranite sequence with low-K tholeiitic affinities (Figure 13b ). The North Makran granitoids are all I-type granites [Chappell and White, 1974] , but some samples show features typical of A-type granites, such as high FeO T /MgO and (K 2 O + Na 2 O)/CaO and the presence of perthitic feldspar. The geochemical differences reflect different magmatic evolutions. All of these rocks are unconformably covered and intruded by alkaline diabase and lavas. The geochemical record through time allows separating three main magmatic pulses related to a progressive tectonic evolution.
6.1. Petrogenesis and Magma Sources 6.1.1. Granites: Crustal Intrusions During Continental Breakup Granites are the oldest North Makran granitoids (Figures 11e and 11f) . Unfractionated HREE and Y suggest that the parental melt did not fractionate in the garnet stability field. They display LREE enrichment, high large ion lithophile element (LILE) concentrations, and negative Nb and Ta anomalies, which are common in all granites involving partial melting of continental crust [Pearce and Peate, 1995; Kelemen et al., 2003] . The North Makran granites have relatively high alkali compositions that classify them as I-type granites, although they show affinities closer to within plate granites than the other granitoids (Figures 13c and 13d) . The high initial Sr isotopic ratios and negative ε Nd(i) are symptomatic of a significant crustal contribution to the melt Figure 12 . Isotopic compositions. (a) Initial Nd isotope ratios in function of initial Sr isotope ratios (both normalized to the corresponding crystallization age). (b) Sr isotope ratios and Epsilon Nd (both normalized to the corresponding crystallization age) in function of the age. Sanandaj/Sirjan compositions (stars in Figure 1 ) from the Malayer pluton [Ahadnejad et al., 2011] , the Boroujerd Granitoids [Ahmadi- Khalaji et al., 2007] , Suffi Abad granitoid [Azizi et al., 2011] , Aligoodarz granitoids [Esna-Ashari et al., 2012] , Inner Sanandaj-Sirjan Zone granitoids [Omrani et al., 2008] , and the Alvand Plutonic Complex [Shahbazi et al., 2010] . ( Figure 12b ), either inherited from the source or acquired during their petrogenesis. Interestingly, the granites show variable Nd isotopic composition for a narrow range of Sr isotopic composition, suggesting a heterogeneous source that most likely involved mafic material. Although it is difficult to disentangle the different components of the source of these granites, their overall composition would be in line with a formation via basement anatexis.
Altogether, the chemical characteristics and the petrographic textures suggest that the analyzed granites formed from a rapidly cooled calc-alkaline continentally affected magma. Granitic melts have a high viscosity and usually crystallize deep in the crust [e.g., Pitcher, 1979; Johannes and Holtz, 1991; Clemens, 1998 ]. However, the North Makran granites reached near-surface depths to intrude slightly older Middle Jurassic shelf limestones [McCall et al., 1985] . Shallow emplacement and rapid cooling are further supported by the granophyric, micrographic, and perthitic textures, which are common in granite intrusions in continental rifts [Coleman et al., 1992] . These observations suggest that the continental crust of the Dur Kan Complex had been considerably thinned; otherwise, the melts would have not reached the limestones of the sedimentary cover. Therefore, the granites formed during extension/thinning of a continental crust, while mantle upwelling and a subsequent high thermal gradient triggered partial melting of the basement. 6.1.2. Mixed Mantle and Crustal Melts: Diorite-Trondhjemite-Plagiogranite Suite The diorite-trondhjemite-plagiogranite sequence displays a large range of SiO 2 content which gradually increases with younger ages of the rocks (Figure 10f ). Most diorites, except Mak-11-18, have SiO 2 below 50 wt %, high X Mg (>0.43), and high transition element content. This suggests higher mantle contribution than for the granites in line with the isotopic composition. Concurrently, rising SiO 2 content from diorite to plagiogranite corresponds to a decrease in X Mg , TiO 2 , Al 2 O 3 , Fe 2 O 3 tot, CaO, and MgO, interpreted to mark the differentiation trend from a common parental melt. Trondhjemite and plagiogranite with X Mg < 0.40 have much lower transitional element content than diorites and thus represent more differentiated products of the magma suite. Although the differentiation trend evolves through time (SiO 2 increases from 165 to 155 Ma; Figure 10f ), the diorite-trondhjemite-plagiogranite suite has a near-constant isotopic composition with ε Nd(i) from 1.8 to 2.2 and 87 Sr/ 86 Sr (i) between 0.704173 and 0.705015, suggesting a common magma source during the formation of these rocks (Figure 12b ). The higher 87 Sr/ 86 Sr (i) are directly related to rocks that are either enclaved in lava or close to an intrusion contact, hinting that reheating by the lavas and/or hydrothermal fluids, possibly on the ocean floor, altered these Sr isotopic features. The isotopic composition of the less fluid mobile Nd further indicates that the magma source has a mixed mantle and crustal component. This can be explained by assimilation of the preexisting crust (i.e., the granites) into fractionating mantle melts, therefore, explaining the presence of inherited zircons having the same ages as granites. The diorite-trondhjemite-plagiogranite sequence has compositions in accordance with a syncollisional and volcanic arc origin (Figures 13c and 13d) . The diorites show no LREE enrichment, a flat HREE section, a positive Ti anomaly, and only weak Nb and Ta negative anomalies (Figures 11a and 11b) . Thus, they lack features typical for subduction-related granitoids; instead, they probably are associated to a MORB-like setting. Trondhjemite and plagiogranite on the other hand show LREE enrichment and are depleted in Nb and Ta. This is interpreted as a differentiation feature since there is no isotopic evidence for a change in melt source.
Mantle-Derived Diabase and Lavas
The diabase and lavas have alkaline signatures and contrast with all other lithologies. The unconformable contact between lavas and underlying granitoids and the enclaves of trondhjemite within lavas requires separating the latter from the diorite-trondhjemite-plagiogranite sequence. The time gap is constrained by the 165-153 Ma zircon ages and the fossiliferous Valanginian sediments interlayered with the lavas. Normalized to N-MORB, some lavas show negative anomalies in Nb and Ta and steady enrichment from HREE to the most incompatible elements (Figures 11c and 11d) . The basaltic to trachyandesitic compositions (Figure 13a ), the presence of primary olivine, and high concentrations of transitional elements point toward the mantle-derived melts. Their mantle source is readily confirmed by the Sr and Nd isotopic composition that approach MORB values ( 87 Sr/ 86 Sr (i) = 703687 to 0.704996, ε Nd(i) = 5.4 to 6.7; Figure 12b ). This alkaline suite of mantle-derived melt is consistent with the formation in a marginal basin during continental rifting and/or back-arc formation [e.g., Pearce et al., 1984; Harris et al., 1986; Kelemen et al., 2003] . Since not all lavas have enriched LILE and a strong negative Nb and Ta anomaly, there is no robust indication of subduction influence.
Tectonic Evolution of the Dur Kan Complex
Bringing together field observations, geochemical and age constraints allow reconstructing 30 Ma of Mesozoic tectonic and magmatic evolutions (Figure 14) . The Early to Middle Jurassic calc-alkaline granites (176-170 Ma) intruded into the Jurassic shelf limestone of the Iranian continental Tethys margin (Figure 14a ). This structural aspect, together with the granite geochemical affinity, suggests a formation through remelting of a preexisting basement during lithospheric thinning. The Late Jurassic diorite-trondhjemiteplagiogranite suite (165-153 Ma) intruded the granites and was derived from a rather homogeneous, less radiogenic melt source with less crustal contribution. Inherited 170 and 175 Ma zircons are consistent with the Jurassic granites being part of the crustal contamination. Again, mantle upwelling and partial melting beneath a thinning continental crust may explain these characteristics (Figure 14b ). The geochemistry of the diorite-trondhjemite-plagiogranite suite expresses increased mantle input into a magma chamber at shallow depth, corresponding to the observed low-pressure fractional crystallization sequence. Therefore, we suggest that the diorite-trondhjemite-plagiogranite formed through an~10 Ma long-lived magmatic system in an extending continental margin (Figure 14b ). These magmatic rocks were exhumed, possibly in horsts or tilted blocks before the lava flowed on top before the Late Valanginian. Interlayered cherts contain radiolarian specimens [McCall et al., 1985] typical for a deep-sea environment. These sediments contrast with the shelf environment in which the granitoids intruded and demand deepening of the sedimentation environment. Deepening of the depositional environment coeval with exhumation of plutonic bodies is best associated with extension, which reached an "oceanic spreading"-like situation in the Early Cretaceous (Figure 14c ). The magmatic response of this system is supported by the presence of the alkaline to tholeiitic suite of mantle-derived diabase and lava that crosscut all granitoids. Extension is consistent with and would be nearly orthogonal to the numerous WNW-ESE striking mafic dikes and intrusions. (Figure 12b ). The few Sanandaj-Sirjan Zone intrusions geochemically comparable to the North Makran diorite-trondhjemite-plagiogranite sequence are also Late Jurassic (165-145 Ma) [Omrani et al., 2008; Shahbazi et al., 2010; Azizi et al., 2011] . Like in Makran, their isotopic signatures ( 87 Sr/ 86 Sr (i) 0.7022-0.7069 and ε Nd(i)~2 .1-4.9) suggest an increased mantle component with respect to the older granites (Figure 12b ). These age and compositional similarities support the postulate of Sanandaj-Sirjan Zone continental lithosphere continuing into the Dur Kan Complex of North Makran before and during Jurassic times. 6.3.2. Were the Sanandaj-Sirjan Zone and Central Iran Connected up to the Jurassic? The tectonic evolution of Iran is characterized by the opening and closure of the Paleotethys and Neotethys Oceans [Alavi, 1994] . There are two suggestions on the position of the Neotethys suture zone: (1) to the north of the Sanandaj-Sirjan Zone, which would then be part of the Arabian passive margin [e.g., Falcon, 1969; Alavi, 1980 Alavi, , 1994 and (2) to the southeast of the Sanandaj-Sirjan Zone, separating it from Arabia along the Zagros suture zone [Berberian and King, 1981; Dercourt et al., 1986; Şengör and Hsü, 1984; Ghasemi and Talbot, 2006] . The Sanandaj-Sirjan Zone was part of Gondwana during most of the Paleozoic [Stöcklin, 1968; Berberian and King, 1981; Alavi, 1994; Hassanzadeh et al., 2008; Stampfli and Borel, 2002; Wendt et al., 2005] . Permian breakup and subsequent opening of the Neotethys Ocean separated the Sanandaj-Sirjan Zone and Central Iran from Arabia [Şengör, 1979, 1990 ©2015. American Geophysical Union. All Rights Reserved. Mohajjel et al., 2003; Alavi, 2004; Agard et al., 2005; Hassanzadeh et al., 2008; Alirezaei and Hassanzadeh, 2012] . This is manifested in the Eurasian affinity of post-Permian sediments in both the Sanandaj-Sirjan Zone and Central Iran [Stöcklin, 1968; Berberian and King, 1981] . Dominating platform and shallow water conditions in the Sanandaj-Sirjan Zone changed only in Upper Cretaceous [Alavi and Mahdavi, 1994] , when flysch and turbidites discriminate it from the continental to shallow marine environment of Central Iran [Mohajjel, 1997] , confirming that the two domains were part of the same tectonic unit. This is also consistent with the Dur Kan Complex stratigraphy, which represented a continental shelf during Carboniferous, Permian, and Jurassic and a carbonate fore-arc zone in Late Cretaceous(?) [McCall et al., 1985; McCall, 2002] .
There is no evidence for the presence of an oceanic basin (that would be witnesses by ophiolites today) between the Sanandaj-Sirjan Zone and Central Iran until the Jurassic. We conclude that they separated as one block from Gondwana during the Late Permian breakup of Pangea and drifted away during the Tethys opening behind. They split in the Jurassic, when an oceanic seaway or gulf (like the present-day Gulf of California) opened and formed the Nain-Dehshir-Baft ophiolites (Inner Zagros Ophiolites; Figure 1 ). 6.3.3. North Makran Ophiolites: Back-Arc or Marginal Basin? There is a general consensus that the Makran subduction initiated in the Late Cretaceous [Berberian and King, 1981; Desmons and Beccaluva, 1983; Babaie et al., 2001] . Jurassic subduction below the Sanandaj-Sirjan Zone was inferred from granitoids attributed to the volcanic arc [e.g., Berberian and King, 1981; Mohajjel et al., 2003; Sepahi and Athari, 2006; Ahmadi-Khalaji et al., 2007; Mazhari et al., 2009; Shahbazi et al., 2010; Ahadnejad et al., 2011; Esna-Ashari et al., 2012] . Concluding on subduction activity based only on geochemistry is fragile since calc-alkaline features suggest a mixed (mantle continent) source but not explicitly subduction [e.g., Shand, 1943; Zen, 1988; Barbarin, 1999] . Granitic melts may form through a wide range of processes from different sources, but for those originating from crustal anatexis, their final composition is mainly controlled by the composition of their protolith [e.g., Beard et al., 2005; Clemens et al., 2010; Clemens and Stevens, 2012] . The chemical characteristics of the Sanandaj-Sirjan and North Makran granites are marked by the contribution of the preexisting crust. Whether the basement has melted via heat advection of mantle-wedge magma in a subduction zone or lithospheric thinning during the opening of a basin can hardly be distinguished. Therefore, ascribing the Sanandaj-Sirjan granitoids to an Andean-type, Jurassic active margin is not a robust interpretation.
Our new data indicate that the North Makran Ophiolites are located in the same geotectonic position as the Inner Zagros Ophiolites (Nain-Dehshir-Baft complexes) between the Sanandaj-Sirjan Zone and Central Iran. The Inner Zagros Ophiolites is composed of mainly ultramafic rocks without an extensive isotropic gabbro sequence. Ultramafic rocks and locally overlying pillow lavas are intruded by several gabbro and diabase dikes [e.g., Arvin and Robinson, 1994; Ghazi et al., 2012] . The geochemical signatures of the igneous rocks range from within plate to mid-ocean ridge to suprasubduction affinity [e.g., Arvin and Robinson, 1994; Moghadam et al., 2009; Ghazi et al., 2012] . Since the Nain-Dehshir-Baft complexes are tectonically disrupted, correlating chemical signal with age is not straightforward; however, available stratigraphy and radiometric dating suggest a Late Cretaceous age of the ophiolite [e.g., Hassanipak and Ghazi, 2000; Moghadam et al., 2009] .
The North Makran Ophiolites were also interpreted as remnants of the Tethys Ocean [Şengör, 1990; Ricou, 1994; McCall, 1997] but represent a "complete," mostly undisturbed sequence including extensive isotropic gabbro intrusions, diabase, and lavas with at least Barremian age [Dolati, 2010] . There is no obvious subduction signal in igneous rocks of the North Makran Ophiolites before Late Cretaceous lavas, which unconformably cover the older ophiolite [Hunziker, 2014] . The Inner Zagros Ophiolites, interpreted as a narrow back-arc basin of the hypothetical Sanandaj-Sirjan arc [Moghadam et al., 2009] , are thus comparable to the North Makran Ophiolites during their Late Cretaceous evolution. However, since there are no Early Cretaceous or older lavas reported in the Inner Zagros Ophiolite, their geochemical affinity cannot be justified. The earlier spreading state and larger volumes of isotropic gabbros during oceanic crust production in the Makran area could be related to the counterclockwise rotation of Central Iran during Jurassic [Soffel et al., 1996] . If the Jurassic granitoids are extension related, as we propose, the Late Cretaceous units of Inner Zagros and North Makran Ophiolites represent a Jurassic-Early Cretaceous marginal basin transformed into the fore-arc region of the Urumieh Dokhtar arc in Late Cretaceous. 
Conclusions
The North Makran granitoids are part of the continental Dur Kan Complex and show a multistage magmatic evolution with three magma sources operating at different times but recording extension:
1. Granites emplaced between 175-170 Ma into a carbonate shelf platform represent rifting-related magmatism from a continentally affected source into the Iranian margin of the Tethys Ocean. 2. The Middle to Upper Jurassic diorite-trondhjemite-plagiogranite (165-153 Ma) magmatic suite formed through low-pressure fractional crystallization of a mantle-derived parental melt that has been contaminated by continental crust, likely the preexisting Jurassic granites. 3. Diabase and lava intruded and covered exhumed and eroded granitoids in Early Cretaceous (~145 Ma) times. These mantle-derived alkaline magmas represent the spreading stage of the embryonic marginal basin that hosted the North Makran Ophiolites.
The North Makran granitoids are coeval with compositionally similar granitoids of the Sanandaj-Sirjan Zone; they are likely related to the same tectonic regime. We suggest extension-related magmatic activity along the Central Iranian continental margin in Late Jurassic and Early Cretaceous rather than the subduction-dominated magmatism proposed by previous studies.
